In this protocol, we introduce an effective method for voltage-sensitive dye (VSD) loading and imaging of leech ganglia as used in Tomina and Wagenaar (2017) . Dissection and dye loading procedures are the most critical steps toward successful whole-ganglion VSD imaging. The former entails the removal of the sheath that covers neurons in the segmental ganglion of the leech, which is required for successful dye loading. The latter entails gently flowing a new generation VSD, VF2.1(OMe).H, onto both sides of the ganglion simultaneously using a pair of peristaltic pumps. We expect the described techniques to translate broadly to wide-field VSD imaging in other thin and relatively transparent nervous systems.
new-generation voltage-sensitive dye (VSD), VoltageFluor (Miller et al., 2012; Woodford et al., 2015) , fluorescence signals that encode membrane voltages with high fidelity can be simultaneously captured from neurons at different depths. We applied this pan-neuronal recording system to the nervous system of the medicinal leech, in which we elicited fictive behaviors and quantitatively manipulated membrane potential of identifiable neurons using electrophysiological methods (Tomina and Wagenaar, 2017) .
Fictive behaviors were induced in an isolated nervous system: local bending was elicited by intracellular stimulation of a pressure-sensitive neuron, while swimming and crawling were elicited by extracellular stimulation of a lateral nerve of a segmented ganglion and nerves of tail brain, respectively. We were able to analyze the dynamics of almost all individual identifiable neurons within a functional unit of the leech nervous system, allowing us to construct functional maps of the roles played by these neurons in various behaviors. The imaging technique potentially is applied to other nervous systems that have multiple layers of somata such as the pedal ganglia of Aplysia.
For successful VSD imaging with a double-sided microscope, three procedures are critical: (1) dissection of the target nervous system, (2) dye loading, and (3) VSD imaging itself. These procedures were not explained in detail in our previous paper (Tomina and Wagenaar, 2017) , nor in other studies using the same type of dyes (Miller et al., 2012 3. Volume-restricting well:
A 3-mm thick slab of PDMS, 25 mm in diameter, with a 16-mm diameter hole cut out of it 4. 1,000 μl pipette tips (e.g., VWR, catalog number: 83007-380) 5 . 200 μl pipette tips (e.g., VWR, catalog number: 53508-783) 6 Note: This can be easily done using a laser cutter, a lathe, or a mill. We have found it difficult to achieve clean holes with a handheld drill. it down. 10. Zoom in on the ganglion. 11. Remove the dorsal sheath from the lateral glial packets (posterior to anterior). 12. Check that the cells are not displaced or damaged. 13. Unpin the ganglion, flip the ventral side up, then pin it down. 14. Check that the cells are not displaced or damaged.
1. Place a leech in a saline-filled plastic container with an ice cube made of frozen saline and allow the leech to cool down for 10-20 min before dissection.
Note: When anesthetized sufficiently, leeches do not show the fast reflexive twisting-like response that unanesthetized leeches display when pinned down at their head or tail.
2. Transfer the leech to a 'coarse dissection container' (see 'Materials and Reagents') that has been kept in a fridge or freezer.
3. Use insect pins to immobilize the leech for dissection.
Note: Throughout the dissection, keep the container set on a cooling plate (see 'Equipment')
and use a stereomicroscope for all procedures.
4. Cut away tissue as needed to isolate the central nervous system of the leech (either the whole nerve cord or a short chain of ganglia).
Note: The blood sinus surrounding the nervous system needs to be dissected away only around the ganglion targeted for imaging, not around any other ganglia. Note: Make sure that no bubbles accumulate inside the outflow capillaries. If bubbles are stuck inside the capillaries, temporarily increase the pumping speed to eject the bubbles. Removing bubbles must be done before initiation of VSD staining.
6. Transfer the PDMS disk with the ganglion still attached to it into the well in the dye-loading dish and use one or two insect pins to secure it with the ganglion hanging over the outflow capillary ( Figure 1A) .
Note: The ganglion is 'hanging' below the disk at this time with the dorsal side facing down.
7. Bring the top outflow capillary close to the ganglion (about 1-mm distance; Figure 1C ) and use both peristaltic pumps to circulate the VSD solution (1.1 ml/min flow rate) for 8 min. 11 www.bio-protocol.org/e2751 Step C7 and 12 min in Step C9 causes the dorsal side to be more strongly stained than the ventral side. This is by design: it compensates for the reduced excitation efficiently at what will be the bottom side of the ganglion during imaging.
10. Gently wash the preparation with cold saline after dye loading and completely replace VSDcontaining saline with normal cold saline.
Clean the outflows tubes and capillaries by circulating with 70% EtOH and distilled water.
Note: This can be done after imaging.
D. Optical imaging 1. Stabilize the target ganglion for imaging by tightly pinning down blood sinus tissue that surrounds the nerve roots to the PDMS disk and by sandwiching adjacent connectives between small pieces of medical dressing ( Figure 3C ), which must also be pinned down, to minimize any motion artifacts.
2. Place a small amount of petroleum jelly along the rim of the cover glass of a 'recording dish' (see 'Materials and Reagents'; Figure 3A ).
3. Place the disk with the ganglion in the center of the recording dish, pushing it down into the petroleum jelly. 4 . Pull blood sinus tissue around the adjacent connectives from the ganglion so that the tissue can be tightly pinned down onto the periphery PDMS substrate of the recording dish ( Figure 3B ).
5.
Clean the bottom surface of the cover glass with lens cleaning paper before imaging. 12 www.bio-protocol.org/e2751 11. Adjust the brightness of images to obtain the best brightness but not to saturate the CCD cameras using the intensity control of the LED controller or the aperture stop of the microscope.
Determine the final focus for top and bottom imaging.

Note (important): Throughout all these preparations, frequently replace saline with cold saline.
13. Start VSD imaging/electrophysiological trial using VScope (Wagenaar, 2017) .
Note: Make sure that optical imaging is carried out in dark surroundings. 4. We qualitatively assess how well our specimens were stained using the fluorescent images and signals obtained during the experiment (examples shown in Figures 5 and 6 ). This is presently the only way to confirm that the staining process went well. Looking for visual changes in a ganglion during dye loading does not provide reliable information regarding the quality of staining.
Note: We recommend that beginners of VSD imaging in the leech first practice to obtain consistent results between intracellular recordings and VSD signals by targeting a Retizus cell or any other cells that are easy to impale. 
Recipes
Hirudo verbana physiological saline
